Introduction
============

As a negative regulator of the acute-phase reaction *in vivo*, miR-146a plays an important role in various inflammatory and tumor related processes ([@b1-ol-0-0-5395],[@b2-ol-0-0-5395]). Deficiency of miR-146a can result in leukemia in mice ([@b3-ol-0-0-5395]). The study by Zhang *et al* ([@b4-ol-0-0-5395]) showed that miR-146a was the only miRNA species which was elevated in both childhood acute lymphoblastic leukemia (ALL) and acute myeloid leukemia (AML). The transcription factor, STAT1 exerts its pro-apoptotic function by inducing the expression of caspases or by inhibiting growth-promoting NF-κB signals ([@b5-ol-0-0-5395]). Bcl-xL is a member of the anti-apoptotic Bcl-2 family protein, key regulators of the mitochondrial apoptosis pathway ([@b6-ol-0-0-5395]).

In the present study, we analyzed the effect of miR-146a on the apoptotic mechanism of ALL Jurkat cells, in order to provide a basis for clinical treatment.

Materials and methods
=====================

### Cells

Jurkat cells were obtained from the Chinese Type Culture Collection Center of Wuhan University (Wuhan, China). They were cultured in RPMI-1640 supplemented with 10% fetal bovine serum (both from Gibco BRL, Gaithersburg, MD, USA) in an incubator set to 37°C and 5% CO~2~ (Forma 3110 model; Thermo Fisher Scientific, Waltham, MA, USA). Actively growing cells were selected for seeding in 12-well culture plates (Corning Inc., Corning, NY, USA) at a density of 1.5×10^6^ cells/well, and then were returned to the incubator under the same growth conditions. Fresh Opti-MEM culture medium (Gibco BRL) was added to cells before transfection.

According to the manufacturer\'s instructions, Opti-MEM culture medium was used to dilute miR-146a mimic and miR-146a inhibitor (both from Guangzhou Ruibo Biotechnology Co., Ltd., Guangzhou, China) and Trans-EZ transfection reagent (Shanghai Shengbo Biotech Co., Ltd., Shanghai, China). Trans-EZ transfection reagent and miR-146a mimic were sufficiently mixed with the inhibitor to form stable transfection complexes.

### Electrotransfection of miR-146a overexpression vector

Cell Line Nucleofector^®^ Solutions V electrotransfection reagent was mixed with supplement according to the proportion of 4.5:1. Cells (1×10^6^) were centrifuged and resuspended in 100-µl electrotransfection reagent and allowed to incubate for 10 min. Two micrograms of miR-146a overexpression vector (Zimmer, Shanghai, China) encoding DNA, 2 µg negative control DNA vector, and 2 µg pmaxGFP^®^ vector were added to the cell suspensions and mixed. The product was then transferred to an electrotransfection cup, and the cover was fastened down. An Amaxa electrotransfection instrument (Bio-Rad, Berkeley, CA, USA) was used to perform the electrotransfection procedure, and the program was started. Transfection efficiency of the cells was observed under a fluorescence microscope (AX-70, Olympus, Tokyo, Japan) and images were captured.

### Experimental grouping

Jurkat cells were treated as follows for western blot analyses and FACS analysis of apoptosis: Control group (untreated Jurkat cells), empty vector group (Jurkat cell transfected with empty vector), agonist group (Jurkat cell transfected with miR-146a mimic) and inhibitor group (Jurkat cells transfected with miR-146a inhibitor).

### Western blot analysis

Total protein was extracted and measured for purity according to a previous study ([@b4-ol-0-0-5395]). Protein samples were separated by SDS-PAGE electrophoresis (Bio-Rad mini vertical electrophoresis apparatus). Separated protein was then transferred to cellulose acetate membranes (NC membranes). Membranes were blocked in 5% skim milk in TBST. Membranes were then incubated in primary antibody \[mouse anti-STAT1, p-STAT1 and Bcl-xL mAbs, used at a dilution of 1:1,000 and rabbit polyclonal β-actin antibody were all obtained from BIOSS (Beijing, China) and used at a dilution of 1:500\]. Secondary antibody (horseradish peroxidase-labeled secondary antibody was purchased from Sigma (St. Louis, MO, USA) and used at a dilution of 1:200. ECL reagent was used for signal development (Amersham Biosciences, Uppsala, Sweden). Membranes were exposed and photographed with a FluorChem 8000 gel-imaging analyzer (Alpha Innotech, San Leandro, CA, USA).

### Flow cytometry (FCM) (FACS)

We used an Annexin V/PI double-staining FCM reagent kit (C60 Biotech) and a flow cytometer (FACScalibur model; Becton-Dickinson, Franklin Lakes, NJ, USA) installed with CellQuest software to conduct the analysis.

### Statistical analysis

SPSS 20.0 software (Chicago, IL, USA) was used to conduct statistical analyses. Data are expressed as mean ± standard deviation, and single-factor ANOVA analysis was used for comparison among groups. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of STAT1, p-STAT1 and Bcl-xL

STAT1 and p-STAT1 expression in the agonist (miR-146a mimic) group was higher than in the control group and empty vector group, and was lowest in the inhibitor group. The differences between groups were statistically significant (P\<0.05). Bcl-xL expression in the agonist group was lower than that in the blank control group and blank vector group, while this expression was the highest in inhibitor group. Differences were statistically significant (P\<0.05) as shown in [Table I](#tI-ol-0-0-5395){ref-type="table"} and [Fig. 1](#f1-ol-0-0-5395){ref-type="fig"}.

### Jurkat cell apoptosis

Apoptosis in the agonist group was significantly higher than in the blank control group and blank vector group. Apoptosis was lowest in the inhibitor group agonist, 34.8±6.3% vs. control, 11.5±4.7% vs. empty vector, 12.3±4.6% vs. inhibitor, 4.9±1.5%; F=18.629, P\<0.001) ([Fig. 2](#f2-ol-0-0-5395){ref-type="fig"}).

Discussion
==========

Expression of miR-146a is mainly located in hematopoietic stem cells and T lymphocytes ([@b7-ol-0-0-5395]). If miR-146a is overexpressed in hematopoietic stem cells and bone marrow transplantation is conducted, instantaneous marrow expansion will occur, erythropoiesis will be reduced and lymphocytopoiesis will be suppressed ([@b8-ol-0-0-5395]). Increased miR-146a expression is deleterious for marrow reconstruction in mice and reduces the survival rate of hematopoietic stem cells ([@b9-ol-0-0-5395]). Previous studies report that miR-146a regulates various aspects of the differentiation and survival of hematopoietic cells. Moreover, the effect of miR-146a expression in hematopoietic cells is similar to that of treatment with LPS ([@b10-ol-0-0-5395]). Expression of miR-146a was upregulated in the process of leukemia cell apoptosis induced by multiple drugs such as imatinib and all-trans retinoic acid, which may be related to the pro-apoptotic or anti-apoptotic activities of multiple transcription factors ([@b11-ol-0-0-5395],[@b12-ol-0-0-5395]).

The STAT family of proteins is responsible for transducing signals from growth factor receptors on the cytoplasmic membrane into the nucleus in order to regulate gene expression ([@b12-ol-0-0-5395]). Experiments using mutant cell lines and knockout mice have shown that STAT1 plays a significant role in interferon (IFN)-γ and IFN-α/β mediated signaling. The activity of STAT1 is tightly regulated by multiple mechanisms including post-translational modification, regulatory proteins and modulation by other STAT family members ([@b13-ol-0-0-5395]--[@b15-ol-0-0-5395]). In a previous study, it was shown that ([@b16-ol-0-0-5395]) miR-146a can influence STAT1 activity via multiple pathways. Modifications such as phosphorylation, acetylation and ubiquitination can regulate the transcriptional activity of STAT1. Overexpression of miR-146a can induce cytoplasmic tyrosine kinase activity of JAK family proteins, promote phosphorylation of tyrosine-701 on STAT1, promote dimerization of STAT1 as well as increase its nuclear translocation and DNA binding activity ([@b17-ol-0-0-5395]). Downstrean of IFN signals, phosphorylation of serine residues is necessary for maximum expression of STAT1 target genes. The p38 MAPK kinase exerts an important influence on phosphorylation of serine on STAT1 serine site induced by miR-146a ([@b18-ol-0-0-5395]).

In mammals, there are two main pathways of apoptosis: The extrinsic pathway mediated by death receptors (DR) and the intrinsic pathway induced by mitochondria. Bcl-2 family proteins are equivalent to a molecular 'rheostat' which regulates the mitochondrial apoptosis pathway ([@b19-ol-0-0-5395]). Overexpression of Bcl-xL is regarded as being anti-apoptotic. Compared with Bcl-2, Bcl-xL can inhibit DISC formation and presentation and excitation of Bid, which indicates that Bcl-xL can inhibit upstream signaling in TNF-induced apoptosis more effectively than Bcl-2 ([@b20-ol-0-0-5395]). Overexpression of Bcl-xL can inhibit disruption of the DeltaPsim (inner mitochondrial membrane potential) and reduce generation of ROS and MMP ([@b21-ol-0-0-5395]). The growth-promoting activity of Bcl-xL has been explored in a series of overexpression and gene knockout studies ([@b6-ol-0-0-5395],[@b22-ol-0-0-5395]).

From the present study, we can conclude that STAT1 and p-STAT1 expression was significantly increased when treated with miR-146a mimic over the control group and empty vector group. Additionally, STAT1 and p-STAT1 expression was lowest in cells treated with the miR-146a mimic inhibitor. Apoptosis in Jurkat cells was higher when treated with miR-146a mimic over the control group and empty vector group, and lowest in the inhibitor treated group. The differences were all statistically significant (P\<0.05). This indicates that as a tumor suppressor, miR-146a can regulate the expression of the pro-apoptotic factor, STAT1 and the anti-apoptotic factor Bcl-xL and is able to promote apoptosis of ALL Jurkat cells. However, future studies are required to confirm the findings.

![Western blot analysis. The levels of expression of STAT1, p-STAT1 and Bcl-xL in the different groups were assessed by western blot analysis. All experiments were repeated three times.](ol-13-01-0151-g00){#f1-ol-0-0-5395}

![Detection of apoptosis. Apoptosis rates of the cells in each group as determined by Annexin-V/PI double-staining FCM. All experiments were repeated three times. FCM, flow cytometry.](ol-13-01-0151-g01){#f2-ol-0-0-5395}

###### 

Expression of STAT1, p-STAT1 and Bcl-xL.

  Groups          STAT1       p-STAT1     Bcl-xL
  --------------- ----------- ----------- -----------
  Blank control   0.40±0.06   0.33±0.05   0.46±0.07
  Blank vector    0.41±0.05   0.30±0.05   0.43±0.06
  Agonist         0.47±0.09   0.65±0.08   0.20±0.03
  Inhibitor       0.35±0.06   0.12±0.04   0.55±0.05
  F-value         6.532       8.527       7.421
  P-value         0.025       0.009       0.016
